Oxygen and carbon isotope ratio measurements are presented for Globigerinoides ruber and for benthic species (mainly Uvigerina spp.) in the Pleistocene and uppermost Pliocene section of ODP Hole 677A in the Panama Basin. This provides the best available continuous Pleistocene stable isotope records from any location, fully justifying the recoring of DSDP Site 504. Oxygen isotope stage 22 (age about 0.85 Ma) was of similar magnitude to the most extensive glacials of the Brunhes and constitutes a logical base for the middle Pleistocene. Oxygen isotope stages as defined by Ruddiman et al. (1986) and by Raymo et al. (in press) back to stage 104 are recognized. Although the internationally agreed base of the Quaternary at or near stage 62 (about 1.6 Ma) is not marked by a major isotopic event, it does approximate the base of a regime characterized by highly regular 41,000-yr climate cycles.
INTRODUCTION
Deep Sea Drilling Project (DSDP) Site 504 (Shipboard Scientific Parties, 1983 ) was one of the first DSDP Sites to be cored using the then newly developed hydraulic piston corer (HPC) (Prell, Gardner, et al., 1982) . Shackleton and Hall (1983) analyzed a large number of samples for oxygen isotope ratio using the planktonic species Globigerinoides ruber and indicated the important variability associated with the "Milankovitch frequencies," cycles with periods of about 22,000 yr (precession), 41,000 yr (tilt), and 100,000 yr (eccentricity) in the lower Pleistocene. However, the sequence recovered at Site 504 had serious limitations from the point of view of time-series analysis. In particular, the site was only cored once with a 4.5-m corer, so there are numerous gaps in the recovered sequence. Because the accumulation rate is close to 4 cm/1000 yr, the gaps are at an interval of roughly 100,000 yr, and because the distance between the bottom of one core and the top of the next is never known accurately, this made formal time-series analysis difficult.
Ocean Drilling Program (ODP) Leg 111 drilled at nearby Site 677, permitting a new oxygen isotope record to be obtained. Holes 677A (18°12.138'N, 83°44.220'W; 3461.2 m water depth) and 677B (1°12.142'N, 83°44.220'W; 3461.2 m water depth) were cored with a depth offset intended to cover intercore gaps in the first hole with recovery in the second hole. Unfortunately the offset in depth was only about 1.5 m, which is small compared with the uncertainty in the actual depth at which each core was recovered, seriously reducing the value of this exercise. Alexandrovich and Hays (this volume) have assessed the relative positions of cores in Holes 677 A and 677B. At this time we have examined only a limited amount of material from Hole 677B.
METHODS
Samples were disaggregated by shaking in distilled water and washed through a 150-/xm sieve. The coarse fraction was dried and weighed. The fine fraction was settled for 24 hr, the water was siphoned off to about 1 cm above the sediment, and the residue dried in an oven at 50 C C and weighed. Table 1 gives the percent coarse fraction based on these data. In a number of samples significant quantities of pyrite were noted in the 1 Becker, K., Sakai, H., et al., 1989. Proc. ODP, Sci. Results, 111: College Station, TX (Ocean Drilling Program) . 2 Godwin Laboratory for Quaternary Research, University of Cambridge, Free School Lane, Cambridge CB2 3RS, U.K. coarse fraction; the weight of the > 150-/xm fraction may not always be dominated by foraminifers.
Globigerinoides ruber for isotopic analysis were picked from the 300-355-/xm fraction, and Uvigerina spp. or other benthic species were picked where possible from the >250-jum fraction. The selected specimens were crushed under analytical grade methanol and cleaned ultrasonically; further chemical cleaning was achieved using hydrogen peroxide instead of by vacuum roasting as was used by Shackleton and Hall (1983) . In most sediments we were unable to detect any effect on isotopic composition depending on which of the two methods was used, but we have occasionally found cores in which foraminifers yielded an impure C0 2 gas if vacuum roasted whereas the use of hydrogen peroxide appears to eliminate this problem. Stable isotope measurements were made using a VG Isogas 903 triple-collector mass spectrometer except for those run after October 1988 (samples A 88/2048 onward), which were analyzed on a VG Isogas SIRA 10 triple-collector mass spectrometer.
RESULTS
All isotopic measurements are tabulated in Tables 2 and 3, expressed as per mil deviations from the PDB standard (Epstein et al., 1953) . Figure 1 shows oxygen isotope measurements as a function of adjusted (see "Correlations" section) depth in meters below seafloor. Oxygen isotope stages 1 to 23 (Emiliani, 1955; Shackleton and Opdyke, 1973) are easily recognized. Note that we have adopted the redefinition of stages 22 and 23 suggested by Ruddiman et al. (1986) .
Intercore Patches
A necessary preliminary to developing a time series from an HPC-cored site is to assess the true extent of the depth relationship between the bottom of each core and the top of the next one. This is conveniently achieved by developing a composite depth section (Ruddiman et al., in press) in which a logically consistent set of depth adjustments is made to successively deeper cores in each of the two holes such that a continuous depth section can be constructed by patching together appropriate intervals from each hole. In the case of Site 677, Alexandrovich and Hays (this volume) have also taken account of data from DSDP Hole 504. We used their adjustments as a starting point and made additional small depth adjustments permitted by the fact that our sampling interval is 10 cm, compared with their 50 cm, so that we can make more accurate estimates of the intercore relationships where we have overlapping isotope data. Table 4 presents the adjustments to each core as given by Alexandrovich and Hays (this volume) and as here modified. 1997 A 87/1996 A 87/1995 A 87/1994 A 87/1993 A 87/1992 A 87/1991 A 87/1970 A 87/1969 A 87/1968 A 87/1966 A 87/1967 A 87/1965 A 87/1964 A 87/1963 A 87/1961 A 87/1962 A 87/1960 A 87/1959 A 87/1958 A 87/1957 A 87/1956 A 87/1955 A 87/1954 A 87/1953 A 87/1952 A 87/1940 A 87/1939 A 87/1938 A 87/1937 A 87/1936 A 87/1935 A 87/1934 A 87/1932 A 87/1931 A 87/1911 A 87/1912 A 87/1913 A 87/1915 Details of the patching are discussed in terms of successive cores in Hole 611 A. Between Cores 111-677A-1H and 111-677A-2H we have not yet analyzed sufficient material from Core 111-677B-1H to establish the exact overlap. Between Cores 111-677A-2H and 111-677A-3H the only overlap is in Core 69-504-3H. Between 111-677A-3H and 111-677A-4H the complete overlap is again only contained in 69-504-5H where we find the continuous transition from stage 17 to stage 18. Between Cores 111-677A-4H and 111-677A-5H we adopt the estimate of Alexandrovich and Hays (this volume); we noted pipe rust in the top several samples from Core 111-677A-5H and agree with their judgement that this represents recored material. Between Cores 111-677A-5H and 111-677A-6H the situation is clear, particularly in view of the data from Hole 504. The relationship of Cores 111-677A-6H and 111-677A-7H is problematic. Alexandrovich and Hays (this volume) concluded that there is no material missing at this break, but were then forced to conclude that Cores 111-677B-6H and 111-677B-7H overlap by about 2 m although they observed no evidence for disturbance in the top of Core 111-677B-7H. We have tentatively reached a different conclusion: that there is a 2-m gap between Cores 111-677A-6H and 111-677A-7H. This can only be confirmed by further work in Hole 677 B, but corroboration comes from the record of Core 69-504-11H, which does not correlate well with either the lower part of Core 111-677A-6H or with the upper part of Core 111-677A-7H. Likewise, the overlaps between Cores 111-677A-7H through 111-677A-1 OH can be confirmed only by further analyses in Hole 677B.
Correlations
Below oxygen isotope stage 22 few features of the oxygen isotope record are familiar. An important preliminary to developing a standard stratigraphy for the oxygen isotope record was to obtain key biostratigraphic information. On Figure 2 the biostratigraphic datum levels that establish the basis for extending the stratigraphy of the sequence are indicated, with their depths and published age estimates listed in Table 5 . The published age estimates for four of these events are most closely linked with the 1.66 Ma age (as assigned by Berggren et al., 1985) of the top of the Olduvai Chron, thus establishing that the stratigraphic position of this magnetic reversal boundary would be at about 73 m (adjusted sub-bottom depth) if it were recognizable in Hole 677A. Ruddiman et al. (1986) Reference   3  3  4  4  3  3  3 a FAD = first-appearance datum; LAD = last-appearance datum. b 1 = J. Backman (pers. comm., 1988) ; 2 = N.J.S. (this work); 3 = Backman and ; 4 = Berggren et al. (1980) ; 5 = Alexandrovich (this volume); 6 = A. Chepstow-Lusty (pers. comm., 1988) .
Hole 677A shows excellent agreement only if it assumed either that stages 45 and 46 are missing at a coring gap between Core 111-677A-6H and 111-677A-7H or that stages 56 and 57 are missing in a coring gap between Cores 111-677A-7H and 111-677A-8H. (It should be remarked that although the record of DSDP Site 607 is slightly inferior to that of Hole 677A in terms of sampling density, its validity is strongly supported by the accompanying CaC0 3 data from both Site 607 and nearby Site 609; Ruddiman et al., 1986.) As discussed previously, we have tentatively concluded that the gap is between Cores 111-677A-6H and 111-677A-7H, and the isotope stages shown on Figure 2 are identified on this basis. Working in the section of Site 607 below stage 64, Raymo et al. (in press) recovered an oxygen isotope record that is closely comparable with that shown here for benthic species in Hole 677A. The oxygen isotope stage numbering scheme used here was developed to be consistent with that for Site 607. Important features of the Site 607 record are as follows (Raymo et al., in press ):
1. The base of the Olduvai and the last-appearance datum of Discoaster brouweri are located in stage 72.
2. Stages 78 and 82 represent relatively intense glacials, whereas stage 80 is a short, less intense glacial event. The base of the acme of the triradiate form of D. brouweri is found in stage 82.
3. Stages 96, 98, and 100 represent intense glacials, with the first major glacial ice-rafting recognized off Britain at DSDP Site 552 in stage 100 (Shackleton et al., 1984) .
4. The Gauss/Matuyama boundary is found in stage 104. Backman and Shackleton (1983) inferred that there was a hiatus in Site 504 spanning the interval 1.8-2.0 Ma, based on the absence of most of the interval in which the Discoaster population is characterized by the presence of up to 20% of the triradiate form Discoaster triradiatus. However, A. Chepstow-Lusty (pers. comm., 1988) showed that despite the surprisingly low abundance of Discoaster spp., both the interval with relatively abundant triradiate specimens of D. brouweri starting at about 92 m (adjusted sub-bottom depth) and the last-appearance datum of D. brouweri at about 77.5 m (adjusted sub-bottom depth) can be determined in Hole 677A. Thus, there is not a hiatus in this part of the column at either Site 677 or Hole 504. This enables us to identify stages 72 to 82 and stages 96 to 100 without difficulty. Definitive correlations for stages 65 to 70 and for stages 83 to 95 require first that we establish continuity between Cores 111-677A-8H and 111-677A-9H and between Cores 111-677A-10H and 111-677A-11H. Shackleton and Opdyke (1976) did not attempt to number stages below stage 23, which was renumbered to stage 25 by Ruddiman et al. (1986) , because it did not appear at that time that an extension could be devised that would be both generally applicable and demonstrably reliable in a stratigraphic sense. This philosophy has appeared justifiable in that although van Donk (1976), Grazzini et al. (1983) , and recently Williams et al. (1988) used extended numbering schemes, none of these has found general favor, nor did any of these workers attempt to use a previously proposed scheme. Ruddiman et al. (1986) demonstrated convincingly that the oxygen isotope record they obtained in Site 607 and the percent calcium carbonate records that they obtained from Sites 607 and 609 were both extensively dominated by 41,000-yr cycles. They proposed a numbering scheme that they firmly linked to the underlying 41,000-yr cycle. The earlier stages numbered here following Raymo et al. (in press) in Site 607 are also apparently associated with 41,000-yr cycles and have a characteristic wavelength in Site 677 sediments of about 1.5 m (although in both Sites 677 and 607 stage 78 appears too brief and too close to stage 80 to represent one of a regular series of 41,000-yr cycles). It is evident that these numbered oxygen isotope stages do have validity as a means of stratigraphic correlation between those sequences with adequate stratigraphic resolution for the stages to be identified.
The record of Hole 677A has a significantly higher stratigraphic resolution than that of Site 607, which should enable us to make a more reliable estimate of the extent of response to the precession cycle; this is a necessary preliminary to any meaningful modeling of the origin of the strikingly different character of the early Pleistocene record as compared with the last million years. In addition, the availability of two independent oxygen isotope records for planktonic and benthic foraminifers provides the opportunity for exploring the reliability of the record. Figure 3 shows the planktonic and benthic carbon isotope data on the same adjusted sub-bottom depth scale as Figure 2 . Carbon isotope variability develops in a similar manner to oxygen isotope variability, with a poorly characterized record in the lower section, a very strong 41,000-yr cyclic response to tilt variations in the middle section, and a record dominated by 100,000-yr variability in the upper section. The Globigerinoides ruber 13 C record is noisy and probably not suitable for serious work on variations in atmospheric C0 2 concentration. However, preliminary investigation shows that (1) throughout the record there is a general association between more negative 5 13 C values in benthic foraminifers and more positive S 18 0 values, as observed by Shackleton (1977) among others for the late Pleistocene; (2) the range of variation in <5 13 C is greater in G. ruber (planktonic) than in benthic species; and (3) this relationship implies that A5 13 C (the vertical 13 C gradient in the water column monitored as the iso topic difference between planktonic and benthic specimens) was greater in interglacial times. This last observation would at first sight imply lower atmospheric carbon dioxide concentration in interglacials according to the model of Broecker (1982) , contrary to observations for the late Pleistocene (Barnola et al., 1988; Shackleton and Pisias, 1985) . However, particularly in the middle section where the cycles are clear, A<5 13 C maxima (implying atmospheric pC0 2 minima) may actually tend to fall on the interglacial/glacial transitions, which could be interpreted as extending the observation of Shackleton and Pisias (1985) that for the past 350,000 yr changes in atmospheric carbon dioxide concentration may have been part of the forcing of climatic change. This question must be addressed with much more care before taking this as a firm conclusion. However, it is clear from these data that important variability in the ocean carbon system at orbital frequencies was a feature of the Pliocene-Pleistocene and not only of the most recent major glacial cycles. 
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